INTRODUCTION
============

Urolithiasis in childhood and adolescence has been increasingly diagnosed in the past three decades, in several countries of the world.[@B1] The reason for such an increase is not clear, but is associated to climactic (global warming seems to predispose to urolithiasis, due to the reduced urine output and to insufficient water intake),[@B2] and diet changes (foods rich in sodium, animal protein and carbohydrates, typical from industrialized countries, would favor the formation of calculi),[@B3] genetic inheritance and, possibly, other environmental factors.[@B4]

The subjacent causes for urolithiasis for an expressive part of pediatric patients are metabolic disorders, infections and anomalies in the urinary tract.[@B5] ^,^ [@B6] Urolithiasis is associated to an increased risk of chronic kidney disease, so early detection is important for these patients.[@B7]

A systematic review about this pathology, published by López and Hoppe, indicates there are few pediatric epidemiological studies in Latin America.[@B1] The determination of the characteristics of these patients is essential to identify the possible predisposing factors and change them, whenever possible, thus reducing the morbidity of the disease and the costs associated with its recurrence.[@B8] There are few data on the sample of urolithiasis in children in Brazil.

In this context, this study aimed at assessing the frequency and the clinical profile of the patients characterized as having urolithiasis, regularly followed-up in a three-year period, in the outpatient clinic of nephropediatrics of Hospital Federal dos Servidores do Estado (HFSE), Rio de Janeiro, Brazil.

METHOD
======

By consulting the Statistics and File sector of HFSE, we found all patients followed-up in the nephropediatrics outpatient clinic of the hospital, from January, 2012, to December, 2014, and selected the charts with the urolithiasis diagnosis. The patients included in the study continued their regular follow-up at the hospital after the analysis.

The study was approved by the Human Research Ethics Committee at HFSE and Universidade Federal Fluminense (UFF). The patients of the selected sample came from Rio de Janeiro and Baixada Fluminense, where they were submitted to high temperatures for most of the year, which is a predisposing factor for urolithiasis.

The inclusion criteria were:

Age between 1 month and 18 years;Confirmation of clinical diagnosis by at least one radiological exam: simple abdomen x-ray, abdominal or urinary tract ultrasound (which can identify calculi ≥5 mm) and abdominal helical computed tomography without contrast (which identifies calculi of up to 1 mm - however, it should only be indicated when the previous modality is not clear and the symptoms persist, due to the risk of radiation);Being assisted in the nephropediatrics outpatient clinic of HFSE in the aforementioned period.

Patients with suggestive clinical picture, however, without radiological confirmation, were excluded.

For being a reference center without an emergency unit, none of the assisted patients was assessed and treated in the acute phase, and some examinations were carried out outside the hospital.

In the study period, the routine of metabolic evaluation of the service included a 24-hour urine test, or in a single morning sample for patients with difficulties in collection (two samples), for the dosage of calcium, uric acid, citrate, oxalate, magnesium, cystine and phosphate, besides the serum dose of fasting glucose test. The normal values of the factors excreted in the 24-hour urine and in a single test, corrected with creatinine, used in the classification of the detected metabolic disorders, are in [Table 1](#t5){ref-type="table"}.[@B8]

Table 1:Normal values of excretion of components in the 24-hour urine and in the single sample, corrected by creatinine, in pediatric patients.24-h urineSingle sample (relation with creatinine)Tubular reabsorption by the GFRCreatinineUp to 3 years: 6-22 mg/kg/day\>3 years: 12-30 mg/kg/dayCalcium\<4 mg/kg/day (0.10 mmol/kg/day)Agemg/mgmmol/mmol0-6 m\<0.80\<2.246-12 m\<0.60\<1.681-2 years\<0.40\<1.122-18 years\<0.21\<0.56Citrate≥400 mg/g creatinine/day≥0.28 (mmol/L/mmol/L)Calcium/citrate\<0.33\<0.33Uric acid\<815 mg/1.73 m^2^/BS\<0.65Cystine\<60 mg/1.73 m^2^/BS\<0.02 mg/mg; \<0.01 mmol/mmolMagnesium\>88 mg/1.73 m^2^/BSOxalate\<50 mg/1.73 m^2^/BS or \<0.49 mmol/1.73 m^2^/BSAgemg/mg0-6 m\<0.307 m-4 years\<0.15\>4 years\<0.10Phosphate\>2.8 and \<4.4 mg/dL[^2]

All data were collected based on information in from the charts. The variables analyzed were: demographic (sex, skin color declared by the person responsible for the patient, age at the onset of the clinical picture and diagnosis, with stratification by age group in younger than 5 years, aged between 5 and 10 years, and between 10 and 18 years); anthropometric (weight, height, and body mass index (BMI)/age, measured in the first appointment); signs and symptoms referred in the first appointment; positive family history for lithiasis and level of kinship; history of previous urinary infection; history of use of lithogenic drugs before the diagnosis and identification of type; radiological examination carried out with information about the location of the calculi, identification of the anomaly and presence or absence of bilateral or multiple lithiasis; presence of metabolic disorder presenting risk for urolithiasis; history of spontaneous elimination of calculi; drugs used; performance of extracorporeal lithotripsy (ECLT); need for surgery and identification of type; recurrence and interval in between episodes; analysis of calculi and identification of type.

The statistical analysis required the use of software Stata, version 8.0 (StataCorp LP). The comparison between the frequencies was carried out using the chi-squared and Fisher's exact test, and the Pearson correlation was used to investigate the correlation between the continuous variables. The statistical significance level adopted was p\<0.05.

RESULTS
=======

In the analyzed period, 969 patients were assisted at the nephrology sector of the studied hospital. Of these, 780 charts were available for data collection; 106 met the inclusion criteria, resulting in frequency, in the period, of 13.6%. The demographic characteristics of the sample are described in [Table 2](#t6){ref-type="table"}.

Table 2:Demographic characteristics of the patients being followed-up at Hospital Federal dos Servidores do Estado, between January 2012 and December 2014.n%GenderFemale5249.1Male5450.9Skin colorWhite6763.2Brown3028.3Yellow10.9Black87.6Age at the onset of symptoms^a^ (years)\<51716.0≥5 to ≤105450.9\>10 to ≤183533.0Age of diagnosis^b^ (years)\<587.5≥5 to ≤105249.1\>10 to ≤184643.4[^3]

The age at the onset of symptoms and that at the time of diagnosis were positively correlated, indicating correspondence between these values (Perason 0.8619; p\<0.001). Age at the time of diagnosis ranged from 3 to 18 years ([Figure 1](#ch3){ref-type="fig"}).

Graph 1:Correlation between age at the beginning of the clinical picture and at the time of diagnosis (r=0.8619; p\<0.001).

The weight/age indicator, used in 54 patients (according to orientation from the World Health Organization - WHO, it is only applied until the age of 10 years), revealed that 45 (83.2%) had adequate weight in all age groups. The height/age indicator, used in 101 patients - 5 patients did not have that record -, showed that 97 (96.0%) presented adequate height in all age groups. The BMI/age indicator, also used in 101 patients - 5 patients did not have record of height, thus preventing the BMI calculation -, revealed that 66 (65.3%) were eutrophic. The nutritional diagnosis of overweight or obesity was observed out in 30 (29.7%) patients.

[Figure 2](#ch4){ref-type="fig"} shows the signs and symptoms referred in the first episode of lithiasis, and most patients presented more than one sign or symptom, without differences between the age groups. In 69 (65%) patients, there was report of previous urinary infection, and 65 (61.3%) had positive family history for urolithiasis, being 55.7% with first-degree kinship. Five patients used lithogenic drugs before diagnosis (topiramate in three cases, and methotrexate in two cases).

Graph 2:Frequency of signs and symptoms referred by the patients.

The most used radiological examination was abdominal or urinary tract ultrasound, in 101 (95.3%) cases, whereas abdominal computed tomography was carried out in 44 (41.5%). In 40.6% of the cases, more than one test was performed. Structural or functional anomalies were found in 46 (43.4%) patients, and hydronephrosis was the most frequent one (54.4%). Multiple calculi were found in 33 (31.1%) cases, and, bilaterally, in 24 (22.6%). Bilateral calculi were more common among patients with positive family history of urolithiasis (Fisher test; p=0.030). The most frequent location of the calculi were the kidneys - 86 (81.1%) cases.

The metabolic disorders detected are described in [Table 3](#t7){ref-type="table"}. Twelve (11.3%) patients did not undergo examinations, and, in 19.1% of the cases, no disorder was found. Hypocitraturia was more common in the age group of 5 to 10 years (Fisher test; p=0.001), and was strongly associated with previous urinary infection (Fisher test; p=0.004).

Table 3:Frequency of metabolic disorders found in patients being followed at Hospital Federal dos Servidores do Estado, between January 2012 and December 2014.Metabolic disordern%Hypercalciuria3634.0Hyperuricosuria3432.6Hypocitraturia3129.3Hypomagnesiuria1312.3Hyperoxaluria32.8Cystinuria21.9Hyperphosphaturia21.9Hyperglycemia21.9[^4]

[Table 4](#t8){ref-type="table"} shows the drugs used after the metabolic investigation of the patients. As to evolution, 67 (63.2%) cases showed the spontaneous elimination of the calculi, mostly in the age group between 5 and 10 years. The lowest elimination rate was among the ones younger than 5 years. Thirteen (12.3%) patients were submitted to ECLT, however, only 7 had a positive resolution. Twenty-six (24.5%) patients were submitted to surgery, and pyelolithotomy was the most common one (57.7%); the most affected age group was between 10 and 18 years.

Table 4:Frequency of the drugs used after the metabolic investigation by the patients being followed at Hospital Federal dos Servidores do Estado, between January 2012 and December 2014.n%Potassium citrate5450.9Thiazide diuretics2220.8Magnesium hydroxide98.5[^5]

Recurrence was registered in 31 (29.3%) patients, and the interval in between episodes, in most cases - 74,2% -, was 12 to 24 months. In 96.8% of the patients with recurrence, some sort of metabolic disorder was detected. Only 8 (7.6%) patients had their calculi analyzed, and the most frequent one was calcium oxalate (50%).

DISCUSSION
==========

Penido and Tavares, in 2015, stated that the true frequency of urolithiasis in children remains unknown due to the multiplicity of pathogenetic factors, the lack of specificity of the clinical picture at this age group and the lack of studies with appropriate scientific design.[@B9] On the other hand, Schor and Heilberg estimated that the frequency of urolithiasis in Brazil was 10%.[@B10] In this study, the frequency observed in the period was 13.6%. The possible causes of this higher frequency in relation to that suggested by Schor and Heilberg may be the high temperature of the city, and because it regarded a reference hospital.[@B10] The knowledge of this frequency and its predisposing factors leads the care team to consider the growing importance of the theme, and the need for family participation in patient care.

Publications in developing countries registered a variable proportion between the male and female genders, of 1.2:1 until 4:1.[@B4] In this study, the proportion was 1.03:1, which is compatible with North-American series, according to Penido et al.[@B11] North-American series suggest that the mean age at the time of diagnosis is 11.3 to 13.2 years.[@B11] In this study, the mean was 9.9±3.6. It is possible that, once again, the high temperature of the city may have contributed with this result. A recent Brazilian publication found mean age of the patients in the beginning of the symptoms to be close to this study.[@B4] Sas et al.[@B3] stated there is lower risk of development of urolithiasis in people aged less than 5 years, unlike adolescents, which was also confirmed in this study. Shoag et al.[@B7] claimed urolithiasis is more common among students and adolescents, as well as in white patients, and this finding is similar to this study.

The delayed diagnosis in children aged less than 5 years can cause risks to kidney function.[@B3] This result was found in this sample, suggesting that more attention should be addressed to this age group due to the severity of a late diagnosis. The correlation between age in the onset of symptoms and that at the time of diagnosis was strongly positive, suggesting that, at an individual level, these ages were dependent, that is, the symptoms effectively corresponded to urolithiasis.

Bandari et al.[@B12] detected major hypocitraturia, hypomagnesiuria, and hypercalciuria in children with overweight or obesity. It is known that citrate and magnesium are natural inhibitors of urinary crystallization, and calcium is the most common component in urinary calculi in pediatric patients.[@B9] There is still no relationship established between pediatric urolithiasis and overweight or obesity, unlike what happens for adult patients whose BMI higher than the 85 percentile is considered as a risk factor for urolithiasis. On the other hand, Kim et al.[@B13] and Kieran et al.[@B14] concluded that high BMI is not associated with urolithiasis in children, which makes it controversial. As to the BMI/age indicator in this study, 29.7%, that is, almost one third of the patients, were above the 85 percentile. It is possible that dietary habits can explain such an association.

Amancio et al.[@B4] found the same symptoms as being the most frequent ones. According to these authors, the report of urinary infection takes place in up to 70% of the cases, and it can be a cause or a consequence of urolithiasis. A high percentage of urinary infections (65.1%) was detected in the study sample, showing the importance of studying lithiasis in patients with urinary tract infection.

Family history of urolithiasis is detected in a variable frequency, occurring, according to Amancio et al.[@B4], in 85% of the patients, and, according to Hoppe and Kemper,[@B15] in 40%. Sharma and Filler[@B2] state that first-degree relative have 2 to 16 times more chances of developing the disease. In this sample, 61.3% of the analyzed patients reported positive family history, and 55.7% had first-degree relatives with the disease. Such findings reinforce the importance of obtaining this information in the anamnesis.

Almost 90% of the calculi can be diagnosed by ultrasound, carried out by an experienced professional, according to a recent review by Morrison et al.[@B16] According to these authors, ultrasound to diagnose urolithiasis in children has sensitivity of 76% and specificity of 100%, in comparison to tomography, whose sensitivity is 98%, especially for calculi located in the ureter.[@B16] These authors also suggest that tomography be reserved only for the preoperative investigation and, in dubious cases, with protocols of low doses of radiation.[@B16] In this study, abdominal or urinary tract ultrasound were the most used radiological examinations for diagnostic confirmation - test recommended by the literature for not exposing the patient to radiation, and because the size of non-visualized calculi is clinically insignificant.[@B16] On the other hand, 63% of the patients studied by Tasian and Copelovitch underwent computed tomography,[@B17] whereas, in this study, 41.5% of the patients did so, showing the frequent use of this examination for diagnosis. It is possible that the continuous education of the care team can reduce such a percentage.

The detection of bilateral calculi associated with positive family history is a characteristic of hereditary and monogenic lithiasis, so early diagnosis is important to prevent severe kidney damage,[@B18] and this association is found in this study. Alpay et al.[@B19] observed the most frequent location of the calculi was the kidneys, which is similar to this study.

According to the literature, metabolic disorders occur in 33 to 93% of the cases.[@B4] ^,^ [@B11] In this study, at least one change was found in 80.9% of the cases, which draws the attention to the need for this investigation. According to Copelovitch,[@B20] hypercalciuria occurs in 30 to 50% of the cases; in this study, this was the most common change (34.0%). Iranian studies[@B21] and from Amancio et al.[@B4] pointed to hyperuricosuria as a frequent metabolic change, similarly to the findings in this study (32.6%), which possibly is related to dietary aspects. Rellum et al.[@B22] highlight the high frequency of hypocitraturia, which occurred in 29.3% of the patients in this sample. Kovacevic et al.[@B23] pointed out to the importance of the association between previous urinary infection and hypocitraturia, and this result was confirmed in this study. In the study by Penido,[@B24] 24.3% of the cases showed no metabolic change, only the reduction in urine volume (normal value: ≥1 ­mL/­kg/h). These findings suggest that the dietary investigation and the urinary metabolic analysis are essential to the follow-up of these patients. It is known that the intake of liquids rich in fructose and sodium, added to the low consumption of water, result in metabolic changes that enable the formation of urinary calculi.[@B25]

According to the recommendation of urolithiasis of 2015, from the European Association of Urology[@B26] and the review performed by Copelovitch,[@B20] urinary pH, urine Na/K ratio and urinary oversaturation of calcium oxalate and uric acid are important items in the metabolic evaluation of patients, however, these items were not reported in the studied sample.

Penido and Tavares[@B8] found the spontaneous elimination of the calculi to be between 60 and 70% in up to 6 weeks. In this study, this rate was 63.2%. The interesting aspect was, as it was for Sas et al.,[@B3] the lowest rate of elimination in children aged less than 5 years. This fact, associated with the delayed diagnosis in this age group, could interfere in the prognosis of these patients. Amancio et al.[@B4] reported a percentage of patients submitted to ECLT and to surgery close to the percentage found in this study, revealing therapeutic practices in accordance with the literature. It is worth to mention that ECLT is a safe treatment, with minimal complications, mainly indicated for calculi in the renal pelvis and proximal ureter.[@B8] ^,^ [@B9]

The most used pharmacological treatment after the metabolic investigation, according to Chu et al.[@B27] and Penido and Tavares,[@B8] was the same observed in this study (potassium citrate and thiazide diuretics), which is important for the reduction of the recurrence frequency. It is worth to mention that the increasing water intake, leading to increased urine volume, must be adopted regardless of the pharmacological approach.

The risk of recurrence in pediatric patients is high, ranging from 19 to 34%.[@B27] In the analyzed sample, the rate was 29.3%. Another relevant fact is the association of recurrence with metabolic disorders,[@B27] observed in 96.8% of the patients with recurrence in this study. This fact shows the need for a more detailed metabolic analysis and for an appropriate pharmacological intervention to prevent recurrence. The calcium/creatinine and calcium/citrate urinary relations ([Table 1](#t5){ref-type="table"}) were considered by DeFoor et al.[@B28] as excellent indicators of this risk; however, they were not registered in the records.

Amancio et al.[@B4] reported the low frequency of the analysis of the calculi, which was very similar to this study. In most cases, the calculi was expelled in the patients' houses, and neither them nor their relatives had been informed about the importance of collecting the item for analysis. It is worth to remember that it is not always possible to predict the composition of the stone through urine composition.[@B15] The type most frequently reported in the literature (40 to 65%) is the calcium oxalate,[@B20] and this is the finding in the studied sample.

A few authors have explored the frequency of use of potentially lithogenic drugs in children. Hoffmeister et al.[@B29] reported that 4.7% of the patients who used methotrexate presented with urolithiasis, whereas Mahmoud et al.[@B30] referred that 5.2% of the patients who used topiramate also presented with urolithiasis. In the sample of this study, the frequency of use of these drugs was 4.7%. The study by Amancio et al.,[@B4] which refers to the national sample, did not explore that aspect. It is extremely importante that patients using these drugs be monitored and oriented, aiming at prevention and early diagnosis.

The main study limitations were: retrospective design with absence of homogeneous data in the records, small number of stones analyzed, and absence of data for a complete metabolic investigation.

The conclusion is that the frequency of urolithiasis in the nephropediatrics outpatient clinic at HFSE was close to that estimated by national authors; the main characteristics of the studied sample are in accordance with the national and international literature. Children aged less than 5 years presented lower rates of calculi elimination, and may represent a group with more difficulties in diagnosis and severity. The metabolic analysis was not carried out in all children. Given the importance and association with recurrence rates, besides the need for specific treatment, it is essential that the analysis of the calculi and the metabolic study of these patients be carried out by the assisting team. It is necessary to create a protocol for a uniform follow-up of these patients.
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